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l~yrrolyloborane,  fixed as a complex with t r ime thy lamine ,  was  obtained by the reac t ion  of equi-  
m o l a r  amounts  of BH3. te t rahydrofuran  and p y r r o l e  in t e t r ahydro fu ran .  It  was  thereby  demon-  
s t r a t ed  that  p r i o r  coordinat ion of borane  with the f r ee  e lec t ron  pa i r  of the n i t rogen  a tom that  
is  not included in the a r o m a t i c  ~ s y s t e m  is not compulsory  for  the r eac t ion  of b o r a n e - e t h e r  
complexes  with f i v e - m e m b e r e d  he te rocye l i c  a r o m a t i c  amines .  

It  is known that  b o r a n e - e t h e r  complexes  r e a c t  readi ly  with compounds of the XH type (X = O, halo-  
gen, S) with hydrogen evolution [1,2]. In all  cases ,  the reac t ion  p roceeds  through a f o u r - m e m b e r e d  t r a n -  
si t ion s ta te  in which the boron  a tom is coordinated v ia  the f r ee  e l ec t ron  pai~ with the X atom bonded to the 
labile hydrogen.  
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At the s a m e  t ime ,  the reac t ion  of a l iphat ic  amines  with B H 3 - e t h e r  complexes  at ambien t  t e m p e r a t u r e  p r o -  
ceeds v ia  a di f ferent  scheme  [3]. 

However ,  b o r a n e -  e the r  complexes  [with t e t r ahyd ro fu ran  ( T H F ) ,  for  example]  r e a c t  with p y r a z o l e s  under  
mild conditions with hydrogen evolution to give the so -ca l l ed  py razabo le s  [4]. 
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It  has been thought that  he re  also the f i r s t  s tep of the reac t ion  is  p r i o r  coordinat ion of borane  with the f r ee  
e lec t ron  pa i r  of the n i t rogen a tom that  is not included in the a roma t i c  ~ s y s t e m  [4]. To ve r i fy  this hypo- 
thes i s ,  we have introduced py r ro l e ,  in which this  s o r t  of p r i o r  coordinat ion is imposs ib le ,  into the reac t ion .  
t>yrrole r e a c t s  smoothly  at room t e m p e r a t u r e  with an equ imola r  amount  of BH 3" THF in THF with the evo-  
lution of 1 mole  of hydrogen.  The py r ro ly loborane  obtained was  fixed as a c rys ta l l ine  complex with t r i m e t h -  
y lamine .*  
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*The p repa ra t ion  of a complex  of py r ro ly lobo rane  with t r i e thy lamine  at high t e m p e r a t u r e  f r o m  p y r r o l e  
and a b o r a n e - t r i e t h y l a m i n e  complex  was r e po r t ed  in [5]. 
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T r e a t m e n t  of a solution of py r ro ly loborane  in THF with liquid ammonia  gave a complex ( _~ N- 

]3H2-NH3), which was an oil that  decomposed  rapidly  on s to rage  in a i r  and by the act ion of p ro t ic  solvents .  

Thus we have demons t ra ted  that the coordinat ion of borane  with the f r ee  e lec t ron  pa i r  of the n i t rogen 
a tom that  is not included in the a r o m a t i c  ~ s y s t e m  is not a n e c e s s a r y  condition fo r  the reac t ion  ( s i m i l a r  to 
the fo rmat ion  of "py razabo l e s " )  of f i v e - m e m b e r e d  a r o m a t i c  he te rocye l ic  amines .  

E X P E R I M E N T A L  

Tr ime thy laminopyr ro ly loborane .  A 0.5 g (7.5 m m o l e )  sample  of  f r e sh ly  d i s t i l l ed 'py r ro l e  was added 
with s t i r r i ng  at 20 deg C to 0.1 g (7.5 m m o l e )  of ]3H 3 (4.75 ml  of a 1.58 N solution in THF)  (160 ml  of H 2 
was evolved a f t e r  15 rain),  the mix ture  was cooled to -30  deg, and 3 ml  of t r ime thy l amine  was added. The 
solvent  was r emoved  by vacuum dist i l lat ion,  and the res idue  was ex t rac ted  with e ther .  Evapora t ion  of the 
e ther  yielded 0.69 g (69%) of t r ime thy laminopyr ro ly loborane  with mp 63-65 deg that subl imed at 80 deg 
(1 ram) .  Found: C 60.91, 60.50; H 11.33, 11.05; ]37.84, 8.25; N 20.42, 20.62%. CTHI~N2B. Calculated: 
C 60.87; H 10.87; B 7.97; N 20.29%. IR spec t rum (cm-1) :  680, 700 weak, 745 ve ry  s t rong,  840 s t rong,  1080- 
1090 weak doublet, 1080 s t rong,  1100, 1165 ve ry  s t rong,  1190, 1235, 1250-1260 doublet, 1480, 2300 t r ip le t ,  
2400 s t rong t r ip le t ,  2940 weak, 3000 weak, 3060 weak.  

The ]3" N M R  s pec t rum  ir~ CCIr was r eco rded  with an RS-56 s p e c t r o m e t e r  with an opera t ing  f requen-  
cy of 19.27 MHz with ]3Fs.Et20 as the s tandard:  +0.8 ppm, J 90 • Hz. The PMR spec t rum in CC14 was 
recorded  with a Var ian  DA-60 s p e c t r o m e t e r  using boron-p ro ton  double resonance :  NCH 32.18 ppm (s ingle t ) ,  
]3H 22.47 ppm (s ingle t ) ,  a r o m a t i c  r ing protons  5.90 ppm (mul t ip le t  and 6.49 ppm (mul t ip le t )  ( intensi ty ra t io  
1:1).  The s tandard was hexamethyldis i loxane.  
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